PATENT ABSTRACTS OF JAPAN 



(11) Publication number : 09-129624 
(43) Date of publication of application : 16.05.1997 



(51)lnt.CI. HOIL 21/308 

C01D 1/28 

C30B 29/06 

C30B 33/10 



(21) Application number : 08-218503 (71)Applicant : SHIN ETSU HANDOTAI CO LTD 

(22) Date of fliing : 20.08.1996 (72)lnventor : NAKANO MASAMI 

UCHIYAMA ISAO 
yUlTO TOSHIO 
KUDO HIDEO 



(30)Priority 

Priority number : 07220350 Priority date : 29.08.1995 Priority country : JP 



(54) ALKALI SOLUTION PURIFYING METHOD AND SEMICONDUCTOR WAFER ETCHING 
METHOD 

(57) Abstract 

PROBLEM TO BE SOLVED: To efficiently nonionize the 
metal impurities in an alkali solution, especially metal 
ions, at low cost by a method wherein metal silicon 
and/or a silicon compound is dissolved into an alkali 
solution, and the metal ions are nonionized by the 
reaction product generated at that time. 
SOLUTION: Metal silicon and/or a silicon compound is 
dissolved into an alkali solution and the metal ions in 
the alkali solution is nonionized using the reaction 
product generated in the above-mentioned dissolution. 
For example, granulated polycrystalline silicon of 
semiconductor grade are put in a sodium hydxoxide 
solution (45%, 20 litters, 80** C). The sodium hydroxide 
solution is sampled by 10ml before introduction, 10 
minutes after introduction, 20 minutes after 
introduction, 30 minutes after introduction and 60 
minutes after introduction, the solution is diluted forty- 
five times, and the concentration of iron ions and nickel 
ions is analized using an ion-chromatograph method. 
The result of this analysis is indicated in the diagram, and the iron ions and nickel ions are 
decreased excellently or they are non-ionized. 
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JPO and INPIT are not responsible for any 
daaages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2, **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A purification method of an alkali solution deionlzing a metal ion in an alkali solution 
with a resultant by which dissolves metal silicon and/or a silicon compound into an alkali 
solution, and It is generated at this time. 

[Claim 2]A purification method of the alkali solution according to claim 1 that said metal silicon 
is characterized by being polycrystalline silicon and/or single crystal silicon. 
[Claim 3] A purification method of the alkali solution according to claim 1, wherein said silicon 
compounds are silica and/or silicate. 

[Claim 4]A purification method of the alkali solution according to claim 1 or 2, wherein a 
dissolved amount of said metal silicon is 0.2g/l. or more. 

[Claim 5]A purification method of the alkali solution according to claim 1 or 3, wherein a 
dissohfed amount of Si contained in said silicon compound is not less than 5g/l. 
[Claim 6]A purification method of an alkali solution deionlzing a metal ion in an alkali solution by 
dissolving hydrogen gas into an alkali solution. 

[Claim 7]A purification method of an alkali solution of claim 1 -6, wherein said alkali solution Is 
sodium hydroxide or a pottasium hydroxide solution given in any 1 paragraph. 
[Claim 8]A purification method of an alkali solution of claim 1 -7, wherein said metal ions are a 
copper ion and/or nickel ion given in any 1 paragraph. 

[Claim 9]An etching method of a semiconductor wafer etching a semiconductor wafer using an 
alkali solution which performed purification processing of an alkali solution and received this 
purification processing by deionlzing a metal ion in an alkali solution. 
[Claim 10] An etching method of the semiconductor wafer according to claim 9 performing 
purification processing of said alkali solution by the purification method of an alkali solution of 
claim 1-8 given in any 1 paragraph. 

[Claim 11] An etching method of a semiconductor wafer etching a semiconductor wafer using an 
alkali solution which performed a solvent wiping removal of a metal Ion in an alkali solution, and 
received this metal ion solvent wiping removal. 

[Claim 12] An etching method of the semiconductor wafer according to claim 11 performing a 
sohfent wiping removal of said metal ion with ion-exchange resin. 
[Claim 13] An etching method of the semiconductor wafer according to claim 12, wherein said 
ion-exchange resin is chelating resin. 

[Claim 14]An etching method of a semiconductor wafer of claim 9-^13, wherein said alkali 
solution is sodium hydroxide or a pottasium hydroxide solution given in any 1 paragraph. 
[Claim 15] An etching method of a semiconductor wafer of claim 9-14, wherein said metal ions 
are a copper ion and/or nickel ion given in any 1 paragraph. 

[Claim 16] An etching method of a semiconductor wafer of claim 9-15 using an alkali solution 
which set said metallic ion concentration to 50 ppb or less given in any 1 paragraph. 
[Claim 17] An etching method of a semiconductor wafer of claim 9-16, wherein said 
semiconductor wafer is a semiconductor silicon wafer given in any 1 paragraph. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention, It is related with the etching method of the 
semiconductor wafer which made it possible to etch without degrading the quality of a 
semiconductor wafer using the purification method of the alkali solution from which the metal 
Impurity ion in an alkali solution Is deionlzed or removed effectively, and its purified alkali 
solution. 
[0002] 

[Related Art]The slice step which the manufacturing method of a semiconductor wafer slices 
the monocrystal ingot which was able to be pulled up with the crystal pulling apparatus, and 
generally obtains a thin disc- like wafer. The camfering process of cutting off the periphery edge 
part the comers in order to prevent the crack and chip of a wafer which were obtained by this 
slice step, The lapping process which wraps the wafer cuted off the comers and flattens this, It 
has an etching process which removes processing distortion which remains to the wafer cuted 
off the comers and wrapped, a polishing process which grinds the etched wafer surface, and a 
washing process which removes the abrasive soap which washed the ground wafer and adhered 
to this, and a foreign matter. 

[0003] By the way, there are acid etching which uses acid etching liquid, such as mixed acid (the 
mixed liquor of fluoric acid, nitric acid, and acetic acid is used), and alkali etching using alkali 
etching liquid, such as a sodium hydroxide solution, in the etching process in said etching 
process. 

[0004]According to the above-mentioned acid etching, there was a problem of it having been 
difficult for an etch rate to etch a wafer uniformly quickly therefore, and worsening the display 
flatness of a wafer. Therefore, these days, since uniform etching can be performed even if an 
etch rate is slow, many alkali etching (a sodium hydroxide solution, a pottasium hydroxide 
solution, an alkyi ammonium hydroxide solution, etc. are used) which does not worsen the 
display flatness of a wafer is used. 

[0005]ln the alkali etching of the above-mentioned semiconductor wafer, the industrial use alkali 
solution of high marketing of metal impurity concentration is used as it is. Although it cannot be 
overemphasized that many metal impurities are contained in the alkali solution of an industrial 
use grade generally used, even if it is an alkali solution of the grade for electronic industry used 
for etching of a semiconductor wafer, the actual condition is that the metal impurity of tens of 
ppb - number ppm is included. 

[0006]Although nickel, chromium, iron, and copper are raised as a metal Impurity contained in 
this alkali solution, many nickel, chromium, and iron which are a stainless material currently used 
by the manufacturing process of the alkali solution are contained especially. 
[0007]When a semiconductor wafer was conventionally etched using the alkali solution having 
contained these metal impurities, it was thought that these metal impurities were polluting only 
the wafer surface. Therefore, it was the common sense of this industry by performing acid 
cleaning after that that it is judged that the metal impurity adhering to a wafer surface is fully 
removed, therefore there is no influence also for wafer quality in which existence of the metal 
impurity in an alkali etching solution is especially serious. 




[0008]This invention persons are continuing the research between many years about the alkali 
etching process. According to the latest this invention persons* result of research, are contrary 
to the above-mentioned common sense of this industry, a thing with a surprising metal Ion of 
some [, such as copper, nickel, etc. which exist in an alkali etching solution, ] metal impurities - 
" the inside of alkali etching — the inside of a wafer --it being deeply alike, and, [ spread and ] 
Wafer quality was made to deteriorate and the fact of reducing remarkably the characteristic of 
the semiconductor device formed with this wafer became clear. 
[0009] It is possible to use the alkali solution of a high grade as a measure for preventing 
degradation of the wafer quality resulting from an alkali etching solution which was described 
above. However, the thing of a high grade is only an alkali solution of the very expensive grade 
for analysis in a commercial alkali solution, and using this as industrial use does not balance at 
all in cost. 
[0010] 

[Problem(s) to be Solved by the lnvention]The result of having inquired wholeheartedly this 
invention persons solving the problem of the above-mentioned conventional technology, It finds 
out that the impurity metal ion which exists in an alkali solution can be deionized by an easy 
technique, When a semiconductor wafer is etched using the alkali solution which furthermore 
performed deionization of this metal ion, or removal of the metal ion, the fact that degradation 
of wafer quality is not caused even if the metal impurity exists physically and that it should 
wonder is found out, and this invention is completed. 

[0011]This invention The metal impurity in an alkali solution, Especially a metal ion, Deionizing 
very efficiently by low cost It aims at providing the etching method of the semiconductor wafer 
which made it possible to etch without degrading the quality of a semiconductor wafer using the 
purification method of the alkali solution made possible, and this purified alkali solution. 
[0012] 

[Means for Solving the Problem] In order to solve an aforementioned problem, the 1st mode of a 

purification method of an alkali solution of this invention, Metal silicon and/or a silicon 

compound are dissolved into an alkali solution, and a metal ion in an alkali solution is deionized 

with a resultant of hydrogen or silicate etc. by which it is generated at this time. 

[001 3] As the above-mentioned metal silicon, polycrystalline silicon and single crystal silicon can 

be mentioned, these may be used independently, and it can mix and they can also be used. 

[0014]As the above-mentioned silicon compound, silica and silicate can be mentioned, and 

these may also be independent or may be used by whichever of the mixed state. 

[001 5] As for these metal silicon and silicon compounds, it is preferred to use a high grade thing 

in the range which balances in cost 

[001 6] As long as an effect of this invention is attained as for a dissolved amount of the above- 
mentioned metal silicon, there is no special limitation, but it is suitable in 0.2g/l. or more. When 
there are too few these dissolved amounts, achievement of an effect of this invention becomes 
less enough, and if there are too many dissolved amounts, it is disadvantageous also from an 
economic viewpoint 

[001 7] As long as an effect of this invention is attained as for a dissolved amount of the above- 
mentioned silicon compound, there is no special limitation, but weight of Si contained is 
preferred in not less than 5g/l. When there are too few these dissolved amounts, achievement 
of an effect of this invention becomes less enough, and if there are too many dissolved 
amounts, it is disadvantageous also from an economic viewpoint 

[0018]The 2nd mode of a purification method of an alkali solution of this invention is deionized 
by retuming a metal ion in an ant potash solution by dissolving hydrogen gas into an alkali 
solution. 

[0019]By deionizing a metal ion in an alkali solution, the 1st mode of an etching method of a 
semiconductor wafer of this invention performs purification processing of an alkali solution, and 
etches a semiconductor wafer using an alkali solution which received this purification 
processing. 

[0020]What is necessary is for various modes of a purification method of the alkali solution just 
to perform as purification processing of the above-mentioned alkali solution. 




[0021 ]The 2nd mode of an etching method of a semiconductor wafer of this invention performs 
a solvent wiping removal of a metal ion in an alkali solution, and etches a semiconductor wafer 
using an alkali solution which received this metal ion solvent wiping removal. 
[0022]lon-exchange resin can perform a solvent wiping removal of the above-mentioned metal 
ion, and chelating resin is used especially suitably. 

[0023]Although there is no limitation special also about an alkali solution used in this invention, 
a sodium hydroxide solution or a pottasium hydroxide solution widely used as an alkali etching 
solution of a semiconductor wafer can be raised from the former. 

[0024]As impurity metal ion in an alkali solution made deionization or applicable to removal in 
this invention, although there are nickel ion, a copper ion, chromium ions, iron ion, etc., Among 
these, it is important from a viewpoint of quality of a semiconductor wafer to deionize or 
remove large nickel ion and a copper ion of especially a diffusion rate In inside of a silicon 
crystal. 

[0025]lt is preferably preferred for metallic ion concentration in an alkali solution used for 
etching of a semiconductor wafer of this invention to restrict [ of 50 ppb or less / of 20 ppb or 
less ] to 10 ppb or less still more preferably, and an effect of this Invention is attained more by 
fitness by such concentration control. 

[0026] Purification of an alkali solution as used in the field of this invention means deionizing or 
removing impurity metal ion in an alkali solution. If it does not exist in the state of a metal ion 
even if an impurity metal exists in the state of a solid physically in an alkali solution, It is in a 
purification state as used in the field of this invention. That is, even if a solid impurity metal 
exists in an alkali solution, unless it exists as impurity metal ion, quality degradation of a wafer 
by etching of a semiconductor wafer is not generated If a semiconductor wafer is etched using 
this alkali solution when [ this ] a solid impurity metal does not exist at all but exists as a metal 
ion state in an alkali solution on the contrary, degradation of wafer quality will be caused. 
[0027]That is, a thing for which it found out that this invention influenced greatly quality 
degradation of a semiconductor wafer according [ existence of impurity metal Ion in alkali 
solution ] to alkali etching, ** A method very simple as the technique of purification, such as 
deionization of a metal ion in an alkali solution, was found out, If a semiconductor wafer is 
etched with this purified alkali solution, it Is realized according to three invention results of 
finding-out-that degradation of wafer quality did not occur **. 
[0028] 

[Example] The example of this invention is raised to below and it explains to it still more 
concretely. 

[0029] Example 1: The high grade-ized sodium hydroxide solution of the sodium hydroxide 
solution by polycrystalline silicon (45%) 20 I. and the polycrystalline silicon 200g with a 
semiconductor grade granular 80 are thrown in, It sampled 10 ml of sodium hydroxide 
solutions at a time 10 minutes before an injection, after an injection, and 20 minutes, 30 
minutes, and 60 minutes afterward, and diluted 45 times, and the concentration of iron ion and 
nickel ion was analyzed with ion chromatography. The result was shown in drawing 1. Iron ion 
and nickel ion were reduced so that clearly from drawing 1. but it turned out that especially 
nickel ion is reduced or deionized good. N.D. is a cable address meaning below a detection limit 
among a figure, 

[0030] Example 2: The high grade-ized sodium hydroxide solution of the sodium hydroxide 
solution by single crystal silicon (45%) Ten single crystal silicon wafers of 200mm phi are thrown 
into 20 I. and 80 **, It sampled 10 ml of sodium hydroxide solutions at a time before an 
injection, after [ of an injection ] 10 minutes, and 20 minutes, 30 minutes, 40 minutes, and 60 
minutes afterward, and diluted 45 times, and the concentration of iron ion and nickel ion was 
analyzed with ion chromatography. The result was shown in drawing 2 . Iron ion and nickel ion 
were reduced so that clearly from drawing 2. but it turned out that especially nickel ion is 
reduced or deionized good. 

[0031] Example 3: The high grade-ized sodium hydroxide solution of the sodium hydroxide 
solution by polycrystalline silicon (45%) The polycrystalline silicon which threw in 20 I. and 200g 
of polycrystalline silicon with a semiconductor grade granular 80 sampled 10 ml of sodium 




hydroxide solutions at a time, and threw them in 1 minute before an injection and after the 
injection was collected. The sodium hydroxide solution was diluted 45 times and analyzed with 
ion chromatography. Polycrystalline silicon measured weight and computed the dissolved 
amount. The above-mentioned experiment was conducted on 3 minutes, 5 minutes, and 10 
minutes, respectively. The result was shown in drawing 3. It turned out that the nickel ion 
content in a sodium hydroxide solution decreases rapidly only by dissolving a small quantity of 
polycrystalline silicon so that clearly from drawing 3 . 

[0032] Example 4: Silica was dissolved in the high grade-ized sodium hydroxide solution (45%2 a 
liter, 25 **) of the sodium hydroxide solution by silica 1% of the weight, and it sampled 10 ml of 
sodium hydroxide solutions at a time, they were diluted 45 times, and were analyzed with ion 
chromatography. The result was shown in drawing 4 as compared with silica dissolution before. 
It turned out that nickel ion concentration and iron ion concentration fall substantially by 
addition of silica so that clearly from the result of drawing 4 , 

[0033]Example 5: The high grade-ized sodium hydroxide solution of the sodium hydroxide 
solution by silicate (45%) 2 Each concentration addition of the sodium silicate (Na2Si03) was 

carried out at a liter and 25 and it sampled 10 ml of sodium hydroxide solutions at a time, 
respectively, diluted 45 times, and analyzed with ion chromatography. The result was shown in 

drawing 5 . It turned out that nickel ion concentration falls greatly as the silicate ($103^') ion 

concentration in a sodium hydroxide solution went up by addition of silicate so that clearly from 
the result of drawing 5 . 

[0034]Example 6: The high grade-ized sodium hydroxide solution of the sodium hydroxide 
solution by hydrogen gas (45%) 20 It is hydrogen gas to a liter and 80 0.5 It blew in by a part 
for liter/, sampled 10 ml of sodium hydroxide solutions at a time before an experiment and 20 
hours afterward, respectively, and diluted 45 times, and the concentration of iron ion and nickel 
ion was analyzed with ion chromatography. The result was shown in drawing 6 . Iron ion and 
nickel Ion were reduced so that clearly from drawing 6 . but it tumed out that especially nickel 
ion is removed good. 

[0035] Example 7: The etching sodium hydroxide solution by the sodium hydroxide solution 
purified by injection of polycrystalline silicon (45%) 20 1, and 200g of polycrystalline silicon with a 
semiconductor grade granular 80 ** are thrown in, and it is 1. The wafer after time neglect was 
etched and the quantity of contaminant of the wafer was investigated. The experimental 
condition is as follows. 

[0036]an experimental condition sample CZ P type <100> 0.005 - 0.010 omega-cm 200mm phi 
lap wafer alkali etching sodium hydroxide solution (45% solution.) For the temperature of 80 
and 10 minutes, a polycrystalline silicon solution rinsing (25 and 3 between parts) chloride 
hydrogen-peroxide-solution washing (80 ** and 3 between parts) rinsing (25 3 between 
parts) dry (81.5 [ by IRA steam ], and 1 between parts) experiment tub (all are common) 
size (mm) (a 36 mass percent hydrochloric acid aqueous solution and 30 mass percent hydrogen 
peroxide solution are used) 280x280 x300H capacity [ ] — 20 liter construction material 
presentation [ of a quartz chloride hydrogen peroxide solution ]: -- hydrochloric acid aqueous 
solution: — hydrogen-peroxide-solution: -- water =1:1:10 (volume ratio), 
[0037] Evaluation of the wafer etched by the above-mentioned conditions was performed as 
follows. After performing sandblast treatment on one side of the wafer and performing thermal 
oxidation by 600 **, the vapor phase cracking of the oxidizing film of the field which performed 
sandblast treatment was carried out with the fluoric acid steam, these was collected by the 
drop containing fluoric acid, and it analyzed by the ICP-MS (inductively coupled plasma source 
mass spectrometry) method. 

[0038]The result was shown in drawing 7 with the result at the time of etching with the sodium 
hydroxide solution which did not throw in polycrystalline silicon. It has checked that the nickel 
concentration on the wafer etched with the sodium hydroxide solution after the polycrystalline 
silicon dissolution was falling substantially so that cleariy from drawing 7 . 
[0039] Example 8: The etching sodium hydroxide solution by the sodium hydroxide solution 
purified by injection of single crystal silicon (45%) 200g of silicon wafers (single crystal silicon) 




were thrown into 20 1, and 80 **, the wafer after 60-minute neglect was etched on the same 
conditions as Example 7, and the quantity of contaminant of the wafer was Investigated like 
Example 7. The result was shown in drawing 8 as compared with silicon wafer dissolution before. 
It turned out that the nickel concentration on the wafer etched with the sodium hydroxide 
solution after the silicon wafer dissolution is falling substantially so that clearly from drawing 8, 
[0040] Example 9: 200g of silica was supplied to the etching sodium hydroxide solution (45%, 20 
I., 80 **) by the sodium hydroxide purified by silica injection, the wafer after 60-minute neglect 
was etched on the same conditions as Example 7, and the quantity of contaminant of the wafer 
was investigated like Example 7. The result was shown In drawing 9 as compared with silica 
dissolution before. It turned out that the nickel concentration on the wafer etched with the 
sodium hydroxide solution after the silica dissolution is falling substantially so that clearly from 
drawing 9 . 

[0041] Example 10: The etching sodium hydroxide solution by the sodium hydroxide solution 
purified by the dissolution of silicate (45%) 2 Each concentration addition of the sodium silicate 
(Na2Si03) was carried out, the wafer was etched into a liter and 25 ** on the same conditions 

as Example 7, respectively, and the quantity of contaminant of the wafer was investigated like 
Example 7. The result was shown in drawing 10 . It has checked that the nickel concentration on 
the wafer etched as the dissolved amount of silicate became large and silicate (SiOj^') ion 

concentration went up so that cleariy from drawing 10 fell substantially. 
[0042]Example 11: High-grade-izing of a sodium hydroxide solution and the etching sodium 
hydroxide solution (45%) by ion-exchange resin It circulates through 20 1, of 25 through the 
column of ion-exchange resin (trade name of IRC-718 and chelating resin by ORGANO CORP.) 
(a part for circulating load/of 2 I.), It sampled 10 ml of sodium hydroxide solutions at a time, 
respectively before an experiment and circulation 30 minutes, 60 minutes, and 24 hours 
aftenvard, and diluted 45 times, and the concentration of iron ion and nickel ion was analyzed 
with ion chromatography. 

[0043]The result was shown in drawing 11 , Iron ion and nickel ion were reduced so that cleariy 
from drawing 11. but it turned out that especially nickel ion is removed good. When the wafer 
was etched on the same conditions as Example 7 using this purified sodium hydroxide solution 
and the quantity of contaminant of the wafer was investigated like Example 7, it checked that 
the nickel concentration on a wafer was falling substantially. 

[0044] Example 12: Correspondence sample CZ P type <100> of nickel [ on the wafer by which 
alkali etching was carried out ], Cu, Fe-concentration, and concentration in sodium hydroxide 
solution 0.005 - 0.010 omega-cm 200mm phi lap wafer [0045] Experimental condition alkali 
etching sodium hydroxide solution (for 45% solution, temperature [ of 80 ** ], and 10 minutes) 
rinsing (25 and 3 between parts) chloride hydrogen- peroxide- solution washing (80 and 3 
between parts) rinsing (25 ** and 3 between parts) dry (81.5 ** [ by IPA steam ], and 1 
between parts) experiment tub (all are common) 

size (mm) (a 36 mass percent hydrochloric acid aqueous solution and 30 mass percent hydrogen 
peroxide solution are used) 280x280 x300H capacity [ ] — 20 liter construction material 
presentation [ of a quartz chloride hydrogen peroxide solution ]: hydrochloric acid aqueous 
solution: — hydrogen-peroxide-solution: water =1:1:10 (volume ratio), 
[0046]Measurement of the metal impurity concentration on a wafer : Sandblast treatment is 
performed on one side of a wafer, 600 After performing thermal oxidation by **, the vapor 
phase cracking of the oxidizing film of the field which perfomied sandblast treatment was 
carried out with the fluoric acid steam, these was collected by the drop containing fluoric acid, 
and it analyzed by the ICP-MS (inductively coupled plasma source mass spectrometry) method. 

[0047]Measurement of the metallic ion concentration in a hydroxylation NATORIMU solution: 10 
ml of hydroxylation NATORIMU solutions were sampled before wafer processing, and it diluted 
45 times, and analyzed with Ion chromatography. They are drawing 1 2 (Ni concentration) and 
drawing 13 (Cu concentration) about each above-mentioned measurement result. And drawing 
ll(Fe concentration) It was shown. It became clear that the metal concentration on a wafer 




also increased with the increase in the metallic ion concentration in a hydroxylation NATORIMU 
solution, and especially nickel and Cu increased rapidly so that clearly from drawing 12 -14. 
[0048]When the metal concentration in a sodium hydroxide solution was set to 10 ppb or less, it 
checked also stopping the metal on a wafer, and almost existing. As metal concentration in a 
sodium hydroxide solution permitted, when it was 50 ppb or less, it has checked that the 
metallic contamination on a wafer did not become large so much, either, but it checked that it is 
still more desirable if it is 20 ppb or less, and It was also the most desirable if it is 10 ppb or 
less. 
[00491 

[Effect of the lnvention]As stated above, according to the purirication method of the alkali 
solution of this invention, there is an advantage substantially reduced by low cost by operation 
with easy metal ions (nickel, iron, copper, etc.) in an alkali solution. The amount of metallic 
contamination by etching of a semiconductor wafer is substantially reduced by performing 
etching by the alkali solution in which metallic ion concentration fell according to the etching 
method of the semiconductor wafer of this invention. There is also no degradation of wafer 
quality and the effect that degradation of the characteristic of a semiconductor device is also 
lost is attained. 



[Translation done.] 
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^xmf\y- Ya^7)Vij r^imnm^mm < # 

X7^>^^tffli/^6n*il?i^fflyi/- K©7;i/* 'J 
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[0 0 0 6] z(07j]/i3vmmcttti^^mT-mit 
[ooo7]se*(i, cn(b(DmT^m^'^hrc7)i 

tCo 

[0 0 0 8] *%HMP.ti7;l/;^Ux7^yyiiS{c-:3 

'tm^Wk(r>^m^^y\t%<^%ct\z7)Vij u x«y 
i-y^^\c^j.-^snmL<\cmL. ^x-f^m^ 

[0 0 0 9] mLrMr^7)\^i3'):^'y=J-ymW,c 

mt^^x-f^mm*^t^m<*m<r>mt tttt 

m'k<D7)\yti'y^mm^^^ctmk(hn^. l*^ 
u ^WL<D7}]^tivmwLX'^m.<Dh<Dit. mibx-^m 
iimm\^~Y(D7)]/-fymmmx^'o. ^mx 

[00 10] 

rdummmmi^-^mit^ < , mmmn-^ rem 

t ym^^^ytRii^m^yirym^^m^ 
tcTji'ij V mm^'ximi^'yx-f^oyx »j 
m^rc^-^. vsmmc^m^imm^hx^'xt^ 
x-^^m<D'mt,mmimi^'t^'oMmt-<tmm 

[0 0 1 iimmii. 7}\^ijmm'p<o^m^m. 
itt^ji'T^tv^fiax hxmibxmx < iu^y\t 

t^^tmmtLtc7)\^ijrmm<r>m{ci5'&i^xs\z 
^o^m\ttnTz7)\'i3mm.m^'x^mw'^x-f^<D 

i&tLfz^m^x-n<D:x.yi-y^l5mimt^^ 
[00 12] 
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^y{tt^ctmmtt^. 

[0 0 13] ±8B^JiJ/U=iyi:LTfi> ^JBS'^Ua 

[0 0 14] ±fei^'j3vft:^tii:bT{4. z^vmxs 

[0 0 15] ^Jj. cnP.cD^Sv'UnyRt/v'Uay 

[0 0 16] ±E^my'):iy(DmMii^m(Dm 
ti^minm<omimmirj:{,^i)\ o. zg/v-y 

[0 0 1 7] $fcs ±myvnyit-^^<Dmmii^^ 

S S i ©l«)!)^5 g/U «y b;l'W±*W)ST35S, 

So 

Coo 1 8] mm(D7jvf}vm(Dm}^m<of^z(D 
mmt. 7Km7.^7)Vi]vmmcmm^<itia: 
^ T7 'J * u mm'^(Dm^:*ymjzt^ c o 
^^^tyitt^ctmmtt?>o 

coo 1 9] *^B^O^|i^{*'j7i-/N©X7^vy73S 

30 <D^l(D^^{i, 7;U;^yjgJSct'(D^S-r;ty^lf>l':i- 
yfbt S c i: J; D 7;!/;^ V jg?Sc»i^{tJ!iS;&ff ftv>, 

CO 0 2 0] ±E7)\^:^ V 'mmmmt txit. to 

IB brc7)ViJ 'J 0*E{t;^ffi J: o Ttf ft 

C002 1] mm(Dm{^^x-fs(ox'yi-yyy5m 
(omzmmit. 7)v^vmm'p(o^^tymm 
a^tfft</\ c(D^m4tym:im.^^mc7)vtiv 

40 }§fS^fflv>T^^i*'>x-M^X7^yy-r5ci:^# 

Sits, 

Co 0 2 2] ±m^m^^ymmmii.. ^^y^m 
mm\z^'^x'fi->i.oiLtt!^-Qt. #tc, ^x^-vmii^ 

[0 0 2 3] *llB^t*5V>Tffll^&n§7;l/* 'JSfgt 
(D7;l/* U x-y^^^i^igti: LT/£< ffli/^e>nT(/^S7j< 

50 [002 4] *5SWtcfel>T^N;i->fkXtil^3&^^llt 
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h^f)\ c (D ^ t>mcy V 3 ym^B^-c<DU.WLM&(D± 
t\>^:Ly'r)\^^^ymm^^ym-(iryitmm 

[0 0 2 5] t-^m<Dm^'yx~^^<DXyi-y'!fm 

\,'(iti^7)itimm^<D^M^tymmt. soppt 

-f.mb< {i20ppb tXT, ^ L < lilOppb 
Co 0 2 6] ^^B^T'l/^^ /^l/^^UiilSOlilfti:}*. 7 

Co 0 2 7] ©r^i/^yj^jfitf©^ 
ci:, ®7)V:^mm(Dm4^ym^y^yi\:M(D 

c o$iEft: L/fc7;l/* V mm\ci:-o xmw^ i-/n©x 

[002 8] 

c^M] i;jLy\c:^mmmmmTt'^\cmtf} 

CO 0 2 9] 1 : ^i^^i/U j;;57mi:t 

7miti-hv^L.mmiis%. 2ou-yh;k 8ot) icm 
yymz^ombfco ^(DB^mncTTsbrco mi 

i}-^tbm^i3'^i:o\c^^ty. -"j^/V^tymciSM 

t^m\c=.>y^)i^tyiimicmtrcm^^ty 
itzmctti^bti^ofco ft^, N. D. am 

CO 0 3 0] l|]5SfifiJ2 : m^BiyV nyici^ymitf 
TmittW^LmWHiSm. 20'J'yh;k 80^) t200B 
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HI (i,<Dm^BiyVay^x-/M om^Xl. SA 

t5> JSAlO^t^, 205^tt. 3(m'^. 40^^, mm\C7i(. 

mitt h u AriSl^i0ini-:3-Qti-y>^u V ^^L. 45^gt 

rco mzij^i^miiti-^^xoicWi^ty. x<yy;i/^tv 
Co 0 3 1] llffi«fiJ3 ■■^m^B'yV^iyic^^miti- 

7mftt h U '>L?§f0t(45%. 20'j7h;K 80'C) ^^1^^ 

ISA 1 micmitt hv ^mm^m-^'D'^y 
■fv y^L. sfcjaAbfc^^ras^'; ay^siKbfco 
7mitt h V ^mmitisiBic^^b-fty'^a'^ h f 
7 7Sicj;t)^*TUfco ^^^y')^y\x%wmt. 

L> jS«?l*gtatfc, ±l3(DIIK«3i^> 5^^. 1 0 

0 3 *^ e. 0^ p> j; -5 K^m^sy v a yco'pmmmt 

[0 0 3 2] ^flSlJlj4 :5/U*k:<fc«7KIWtthy'?A 
7KSI{bth';'>i.jgfK(45X. 2 VyhiW 25'0 izyv 
^yfvyi^b. 45fgt#«?u -<ty^Dvhi^97 

04lc,T^Lfco 04«i^^*^e>W&*>iQ:ui:<. v'y;^; 
[0 0 3 3] m.m5 : v^Uy-HciSzKSfkthy 

7i(.mtthv^mm(.45%, i u«yh;K 25-0 tyj; 

<>Ai^Uy-KNa2Si03) ^^ztSiSllPL, ^nrtiTR 
^ftt h y "J? A^^g^lOml-fr^-y-V^y y^L. 45fg}C 
mx.. ^ty'>v'7\^^y7mci:f)mbtco ^(0 

y^)^-h (Dmuic i ^ xymitt h y 7 Am?s4'© 
y^-KSio, ^^yiijg*^±^ic-3n-'y^;H' 

[0 0 3 4] iiis^je : 7m^7.icx?>7mitf h y 

7mi:t h y 7A?g?K(45X. 20 y-yh/K 80'C)lC7j<^ 
;tfX^0.5 y «y h;l//^^T-i!5?tji^> ^mRl^ZOn?S 

m^n^mmtt v y A}gffi*ionii-:yo^^>:/y 

y^b. Si^tym-y'Tfi^^tyo) 
mm^ty'>^^\^^y7ma:>)mLrzo ^(db 

50 mc|^*?nSi:i:*'*3*>-3fco 
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[0 0 3 5] HKE^j? : ^le^aJ/U 3y©SAlcj; t)|fi 
7miti-h^J^hmmii5%. 20U-yh;k 80°C) {cii£?g 

[0 0 3 6] mm^ 

"^yfjV CZ P ia<100>0. 005-0. 010 D-m ZOOim 

7;l/:^Ux«y^>y 10 
7K^{tthU':7A}g?S (45% 7Kjg?S, jag80°C, 10^^ 

7i(}Jfe(25 -C. 3 ^^S) 

Ji^ji®{l:7jc^*St?f (80 -C, 3 i^lffl) 

*^(25 'c, 3 m) 
^(.mmmc^^. 8i.5°c. 1 ^H) 
mm (v>"fnfc«i) 

(mi) 280 X 280 X 300H 
20U7h;l/ 

5^ 20 

: 7K= 1 : 1 : 1 0 mm) . mmm^ 61 
b^h. lKfbK^*3 0l»/^— 

[0 0 3 7] ±fB*mi:J:t)X7^vyi/fc'^i~/N(0 

7Xh«ia^'ffl/\ 600 °CT'ii^{l:^ff-:)fc^+^-VK7 

mu cmy-jm^^mm-vmi^u icp-ms (siii 
B^fyx-^nmmm^c^f^mhrco ao 

[0 0 3 8] ^©Igm^^l^^Hi/U 3y;&iSAL:&*^o 

ieSi:i:tfi:07fc^L/c:o 07*^^W^*^S:J:9Jc. 
^m^'yV 3 >'j§ft?^t©7j<®{tt h 'J ^L.mmc <k o T 
xy^y^bfOx -/N±(7)x y '>-;l/«St±:^1if<:1gT 

[0 0 3 9] ^fi?!l8 : ^m^Bi^V 3y®«Ak: J: 

a>«i7x-7N (#3gfai^i;3» ^2oogis:AL> eo^^tt 4o 

i/vay^x-f^n^mmtmbxmsicTfiirco 08 
t ':7i,^l^cJ:•3TX7f•>yu/'c'^7I-7^±^)- 

[0 0 4 0] HfiSfi^lG : i''J;^JSAt<t!)|ie{l:Lyc7Kil 
{tthV^L\ci:?>Jiy^y^ 
Tmitt h y '>i»}gjS(45%, 20'J 7 h;k 80^) fci^'J 

ij^zoQ^kb. mmm'!7 x-f^^mBumi am so 



t^¥9-l 2 9 624 

8 

<Dl^ft-pX>y^vyt'^x-7N©^^l^^figfifl|7 i:|3l 

^sLfco ia9*^5B^6;^)^^J:9tc, i^U ;^jffl?tic07j<® 
iti- h U Ajgailc.t-pTX'y^yyLfc'J? i-7N±(0 
X -y '^;Miatt:^*it<aT c i: tl^t)ti^orco 
[00 4 1] ^flg^] 1 0 : >^U y- M^)r§jglcj; Oi^fk 

7i<i?fbth'J'>Aj^iS(45X, 2 U7h;W 25°C) tvi; 
"^Ai/'J-^-KNaaSiOj) =&^liiEi»PU ^tl^n'^ 

x-z^mmmi mm%^x'j^"j^y^L'^x->^ 

t/T^UrCo 01 0;!)^e.B^P.*^4<fc'9t. i<"jy-h<0}g 
mWS^Xtii*). S/'jy-hCSiOi ''H:t>1iS*'± 
5 L fc*^ o T X 7 ^ y y t fci? X -7 N±<Dx 7 y;)/! 

a«:*:i|i|{cigT-r set t /-Co 

[0 0 4 2] 1 1 : -(:^ysi.mm\^i^^im{t 
•fvv ^mmmmxc&xs:i-'ji-y9 

iimtf V V "i^mwiim. Z5X) zou 7 Yi^^^-^y 

(I RC-7 1 8. '^i^iiJmt,^'kWrV- 

ti^tiim^-f b y 'i7A^?g^ioii-:J-3'9-y7°y yf 

45fSt^i|?L, g^^;i-VRt?X7y;W:ty<DliP 

[0 0 4 3] ^«O1^S*0 1 1 fc^Lfc, 0 1 1 
S*^^ j; 9 im^ty. X 7 v^^tefgMtS*^ 
!|ttc:x7'5^;l/'i'^ytiOTc^£$ns c 
/Co cc7)il«{t:t/c7K^fbt h 'J •>i.^?g^ffli/^T^iSgfi«J 
7i:iwi8l©*ft'e'>x-7N©x7^vy*t7av\ -^x 

-7N(73t55fti^iisgfi?ij 7 i; mm^m^fc tcht?x-f^ 
[0 0 4 4] mmi 2 : r;i/*yx7f^y^^?nfc^7 

x-/N_l:©Nl.Cu,FeSgi:7KBS{l:t h U '^AjSJStt'WiS 
CZ ? S<100>0.005~0.010 Q-cm 200dd 0 7 

77''>X-7N 

[0 0 4 5] Hg^^ 
7;l/*yx7^y^ 

Tiimitthv^pLmw. {45% 7mm. isaso-c, io^> 

7m(.z5 °c. 3 ^^r^) 
^i!i®ft7j<^7j<gt?f (80 -c, 3 m) 

7j<gfe(25 -C, 3 m) 

:*:t5(iDBi) 280 X 280 X 300H 
20 U 7 h;U 

m m 
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7K : 7K= 1 : 1 : 1 0 mmit) . (ffiil7j<iSffi 3 6 1 

[0 0 4 6] ^ x~^^±o)^&^mm&(Dmm ■ 
-/N©M-stij-yK:^vxh«ia^fft/\ 600 -ct^rnm 

[giRUs icp-Hs (mmB'^-/vX^mmm) aicj;!? 
fvy'ifL. m\cn^u -^tyi/w^v^^ymc 

. la 1 3 (Cu igg) Rt>*0 1 4 (Fe iM) t^Lfc„ 

'p(D^m-ftymm(omntt'^\c^x~f\±(D^mm 
[0 0 4 8] $fcs mitt h V ^mm^co^mm 

tmm-^trci)\ zoppb wTT*£n{s$p.icjf$b 

<, lOppb «Tt*n{^St,»$U>«:i:felitSl/fc, 

[00 4 9] 

[^^©^m] £(±^'^fc i^i: < . mmrjiij v m 
mmi\::^'mci:m. 7j]^:^mmf^(D^m^:^y 

^x-fs<iy:L";i-yfl5m^^m. ^M-r^i-ylg© 
ffiT L /c 7;U;<7 cfc S X y y^tT& 9 c i: t 
J: t) ^^i*"? X -/nOx y ^ y ^^k: J; S^JiJ^^l*^:^ 

[0ffi(O®*SgJ§^] 

[0 1 ] mm 1 tfeij-s^iBfai/u 3 v^A^^si 

[0 2 ] mm 2 1 43tt s#ig^Bi^ u a yi^xmmm 

[03] mmsi^mz^i^^yvaymmmtTii 
mitt Y 0 '!;Lmm'p<D-'y^)i-(tymmm^^ 
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m 4 ] mmm 4 ij'mwimcm?>7m 
itt h V ^hmwi'pm^tymmxs-y'rjH^^y 

[05] mmm5\c^if?>i/^)^~ymammi:mit 

^7T-SSo 

[06] IISig0lj6t:j3tt57]<^;^ACDi!>:t3i*i:7j<^{l: 
10 iE©^0^^^ty57-pfe5o 

[0 7 ] mmm 7 1 fcits ^ib^bv' y 3 y ci; ^ xmt 

LTamitt V V ^mmcHoXX'yi-yyLri:^'^ 

<o^x'~/\±(oc.y^mmmifs:^^7im:t v u 
^mmic^^rxy'f-y^hrc^tt^Km^^ 

7T'$>5, 

m 8 ] ^fis«?ij 8 icm?>mrBy v a > t .fc xMit 

©'j7x-/>±£D::i7y;HjB|^^{l:b*Vvmtt h V 
t j; o T X 'y ^ y y Uc i: 1 1 /T^t y 7 
20 yx$>?>o 

[09] ||fi(SM9fC^ltS5/y*t<fc"3T*fiftbfc7KS 

/N±c7)x «y -y/waa^i^fi: t^v^TK^ftt h u ^mm 

\ci^-:>x:x.^yty<fbm^tt^\zm^^yxh 

s. 

[010] ^i^ji Q\zm^y^)^-v\Liioxmt 

Ltzimitt V U ':7A^|gt i-^TX-y ^yi^b/c^^ 

<D'^x~fs±.<D-y^}mmmtLii\^im.itt v u 

30 yxh^c 

[01 1] ^fiSCTl l{cfelt5Y;ty^2^1itJ;S7K 

mittYv^mmMmm^^^^x. mittY^} 
^hm.mmmtimi!ct v y ^hmmm^t 

y, -7':r;W^y(7)ra^I*TNt^^7T$.^o 

[01 2] %m.m\ zicm^7)]^tiV3^yty'!f^ti 
k^x-7\±<o-y'>rm^tmitt h V '^mm 
<D-'y^}]/^ty'i^^t(om%^^t^^yx$>i, 

[01 3] ^»ji 2{cfc'its77i/*ux-y^yy$n 
/'c'>x-7>±(7)^gi:7m{[:t h 'i'Am^ff<^ii'< 
40 :^ym&t(D^mmt^vyxh^o 

[014] Hfigfiaji 2fcfett57;i/*Ux«y^yy5n 

■ rc^x~>^^<Dml^t^m.ittv')^mm<J^9i^ 
yjrymMtmm^m ^'7yxhio 
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